n Western countries, the mean length of hospital stay after acute myocardial infarction (AMI) has declined dramatically during the past 3 decades. In the 1970s, the length of hospital stay after AMI was generally 2-3 weeks, 1,2 although several randomized studies subsequently suggested the feasibility, safety, and cost effectiveness of discharging patients as early as 3-5 days after AMI. [3] [4] [5] Since then, the hospital stay after AMI has reduced to the current length of approximately 1 week in Western countries. [6] [7] [8] [9] In contrast, the length of stay after AMI remains at approximately 4 weeks in Japan, [10] [11] [12] [13] [14] and epidemiological data concerning the length of hospital stay after AMI, its predictors and trends based on a large-scale sample are still limited. The Osaka Acute Coronary Insufficiency Study (OACIS), a large registry of patients with AMI, was established in 1998 to assess clinical variables, therapeutic procedures and clinical events, and can provide important data about recent trends in the pattern of care. The purpose of the present study was to examine the length of hospital stay after AMI as well as to identify the predictors and trends in hospital stay after AMI in Japan.
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Quality Control
Before initiation of this study, a research cardiologist and specialized research nurse at each site received a training manual that explained how to complete the case report form, defined each variable, and provided examples of correct responses. Double-key entry was used by the data collection center to add each case report form to the database. Audits were performed electronically to detect out-ofrange variables, inconsistencies, errors, or omissions and then telephone contact was made with the study staff for resolution of any problems.
Patients
We registered 4,545 consecutive AMI patients in the OACIS from April 1998 to March 2003 and of these, 4,113 were discharged alive and were included in this study. The study population was 76.0% men and 24.0% women, with a mean age of 64.7 years.
Variables
As candidate factors affecting the length of hospital stay after AMI, we evaluated 59 variables including demographic factors, coronary risk factors, medical history, infarct characteristics, procedures, medications, in-hospital cardiac complications, the characteristics of the discharge day, and hospital characteristics (Table 1) . It has been reported that Taian-Butsumetsu, a superstition relating to the traditional 6-day lunar calendar, influences the decision about hospital discharge in Japan, with the highest discharge rate on Taian (a lucky day) and the lowest on Butsumetsu (an unlucky day). 17 Accordingly, we added Taian-Butsumetsu as candidate factor affecting the length of hospital stay. The AMI case load was calculated as the average annual number of patients with AMI who were registered with the OACIS office from April 1998 to March 2003. Experience with percutaneous coronary intervention (PCI) was calculated as the average annual number of PCI procedures performed by each hospital participating in the OACIS from April 1998 to March 2003. Length of hospital stay was calculated from the date of admission to the date of discharge.
Statistical Analysis
The Mann-Whitney rank sum test was used to compare the median length of hospital stay between all variables. Because the length of hospital stay did not show a normal distribution, we used multiple regression analysis after natural logarithmic transformation of the data on hospital stay (the dependent variable) to assess factors with an independent influence on the length of hospitalization. Variables significantly associated with the length of hospital stay on univariate analysis (p<0.05) were entered stepwise as independent variables into the model. We also investigated trends in the length of hospital stay from April 1998 to March 2003 by one-way analysis of variance. In all analyses, significance was accepted at p<0.05.
Results

Mean Length of Hospital Stay
The mean length of hospital stay was 31.2 days (median: 27 days) in the total study population from April 1998 to March 2003 (Fig 1) . Table 1 shows the length of hospital stay in patients with and without each of the variables. Hospital stay was longer in older patients, women, patients with diabetes mellitus, prior myocardial infarction, prior angina, and prior cerebrovascular disease, Killip ≥2, systolic blood pressure <100 mmHg, heart rate ≥100 beats/min, and anterior myocardial infarction. It was also longer in patients who underwent emergency coronary artery bypass grafting (CABG), pulmonary artery catheterization, insertion of a temporary pacemaker, percutaneous cardiopulmonary support, intraaortic balloon pumping, mechanical ventilation, elective coronary angiography, elective PCI, elective CABG, or echocardiography. Furthermore, the hospital stay was increased in patients treated with thrombolytics, anticoagulants, diuretics, digitalis, and inotropic agents. A number of in-hospital cardiac complications were also associated with a longer stay, including congestive heart failure, cardiogenic shock, mechanical complications, reinfarction, recurrent ischemia, second-or third-degree atrioventricular block, atrial fibrillation/flutter, ventricular tachycardia/fibrillation, thromboembolism, stroke, and bleeding. Finally, the hospital stay was longer in patients discharged on Taian.
Univariate Analysis of Length of Hospital Stay
Hospital stay was shorter in working patients, obese patients, those with hyperlipidemia, and current smokers. It was also shorter when the time from onset to presentation was <6 h, when emergency coronary angiography was done, when coronary stenting was performed, and when patients received antiplatelet agents, angiotensin-converting enzyme inhibitors or -blockers. Finally, it was shorter for those discharged at the weekend, and those admitted to high-volume hospitals (ie, >200 PCI procedures/year, >200 beds, or >50 AMI patients/year) ( Table 1) .
Multivariate Analysis of Hospital Stay
To evaluate the clinical factors (ie, demographic factors, coronary risk factors, medical history, infarct characteristics, procedures, medications, and in-hospital complications), apart from the day of discharge and hospital characteristics, that independently influenced the length of hospital stay, we constructed a multivariate linear regression model (Table 2 ). This analysis selected 18 variables as independent predictors of the length of hospital stay and the model explained 26% of the variation in hospital stay (R 2 =0.26). For the full model, the day of discharge and the hospital characteristics were also added (Table 3 ). This analysis selected 19 variables as independent predictors of the length of hospital stay. An older age, diabetes mellitus, prior myocardial infarction, pulmonary artery catheterization, temporary pacemaker, percutaneous cardiopulmonary support, mechanical ventilation, coronary angiography before discharge, CABG before discharge, diuretics, inotropic agents, congestive heart failure, stroke, and bleeding were all independently associated with a longer hospital stay. In contrast, patients who were working, discharge at the weekend or admission to high-volume hospitals were independent predictors of a shorter hospital stay. The final model, which included all variables, explained 32% of the variation in hospital stay (R 2 =0.32).
Trends of Hospital Stay
The mean length of hospital stay showed a significant decrease from 32.5 days in 1998 to 29.8 days in 2002 (Fig 2) and to evaluate the factors associated with this reduction in hospital stay we performed a multivariate linear regression analysis comparing 1998 with 2002 (Table 4 ). In 1998, older age, pulmonary artery catheterization, temporary pacemaker, mechanical ventilation, coronary angiography before discharge, congestive heart failure, and stroke were independently associated with a longer hospital stay and none of the factors was predictive of a shorter hospital stay. In contrast, working patients and admission to high-volume hospitals were independent predictors of a shorter hospital stay in 2002, and pulmonary artery catheterization, mechanical ventilation, coronary angiography before discharge, CABG before discharge, congestive heart failure, and bleeding were independently associated with a longer hospital stay.
Discussion
The present study revealed the following points: (1) the mean and median length of hospital stay after AMI was 31.2 days and 27 days, respectively; (2) independent predictors of a longer hospital stay were increased age, diabetes mellitus, prior myocardial infarction, pulmonary artery catheterization, insertion of a temporary pacemaker, percutaneous cardiopulmonary support, mechanical ventilation, coronary angiography before discharge, CABG before discharge, diuretics, inotropic agents, congestive heart failure, stroke, and bleeding; (3) predictors of a shorter hospital stay in 2002 were working patients, discharge on weekends, admission to a high-volume hospital; (4) the mean length of hospital stay after AMI decreased significantly from 1998 to 2002; and (5) the independent predictors of a shorter hospital stay in 2002 were not significant in 1998.
In Western countries, the mean hospital stay after AMI has steadily since the 1940s when the standard practice was at least 3-6 weeks of strict bed rest after AMI to allow time for the infarct to heal. 18, 19 It became apparent that complete bed rest had serious physical and psychological consequences, so there was progressively earlier mobilization after AMI, 20 until by the early 1970s, the hospital stay after AMI had decreased to 2-3 weeks. 1, 2 In the late 1970s, numerous studies using clinical criteria to define uncomplicated groups of AMI patients demonstrated that they could be discharged with a low risk as early as 7-10 days after infarction, [21] [22] [23] [24] and several randomized studies suggested the feasibility, safety, and cost effectiveness of discharging patients as early as 3-5 days after AMI. [3] [4] [5] Recently, the hospital stay after AMI has been reduced to approximately 7 days in Western countries, 6-9 compared with 31.2 days in the present large-scale multicenter survey conducted in Japan. Although data based on large-scale surveys are insufficient in Japan, the length of hospital stay after AMI has been shown to be 3-6 weeks. [10] [11] [12] [13] [14] In the middle of the 1990s, the length of hospital stay after AMI was 4-6 weeks 10, 11 and by the late 1990s, it was 3-4 weeks in AMI patients treated with PCI within 12 h or 24 h after onset. 12, 13 In the present study, the mean length of hospital stay was 29.2 days in patients treated with PCI within 12 h of onset and 30.5 days in those treated within 24 h of onset. Although the length of hospital stay seems to be longer than that in the previous studies, it is necessary to conduct a nation-wide survey to examine regional differences of the length of hospital stay after AMI. Nevertheless, the hospital stay of Japanese AMI patients seems to be extremely long and because a long hospital stay has some physical and psychological disadvantages, as well as increasing medical costs, it should reflect disease severity.
We also evaluated the factors that independently influenced the length of hospital stay after AMI. Our full model selected 19 variables as independent predictors of the length of hospital stay and it explained 32% of the variation in hospital stay. We also evaluated 18 clinical factors, excluding the discharge day and hospital characteristics, that independently influenced the length of hospital stay after AMI and these clinical variables only explained 26% of the variation in the length of hospital stay. This finding shows that the length of hospital stay did not appropriately correspond with the severity of AMI, suggesting patients could be discharged earlier without an adverse effect on the outcome. Although studies in Western countries have suggested the safety, feasibility, and cost-effectiveness of early hospital discharge after AMI, [3] [4] [5] [25] [26] [27] [28] [29] [30] it would not be reasonable to promote early discharge after AMI in Japan based solely on data from Western countries. Local randomized controlled studies are needed to examine the safety and feasibility of early discharge.
The fully adjusted model selected 14 variables as independent predictors of a longer hospital stay (Table 3 ) and because they all corresponded with the severity of AMI, it is reasonable that these variables were independently associated with a longer hospital stay. Furthermore, the fully adjusted model selected 5 variables as independent predictors of a shorter hospital stay ( Table 3 ) and found that admission to a high-volume hospital was the important predictor of a shorter hospital stay. Although this study was not designed to clarify the reasons why admission to a high-volume hospital was independently associated with a shorter hospital stay, there are 2 possible explanations. First, the use of clinical pathways as standardized protocols for management of patients with AMI has been recently introduced to high-volume hospitals to improve the quality of care and reduce both costs and hospital stay. Therefore, admission to a high-volume hospital may be associated with a shorter hospital stay partly because of the use of clinical pathways, but its relatively recent introduction into the management of patients means that the design of this observational study is inappropriate to demonstrate an association between reduced hospital stay and the use of clinical pathways. Second, physicians in low-volume hospitals may be less confident with early mobilization and discharge of AMI cases, and may be more responsive to social and family pressure. 6 The hospital stay decreased significantly from 32.5 days to 29.8 days during the study period. The progressive decline in the length of hospital stay may be related to the increasing use of pharmacologic and mechanical interventions to limit infarct size and recurrent ischemia, but this relationship is controversial, 7, 8 so to explore factors that influenced the reduction of hospital stay after AMI during the study period, we compared independent predictors of the length of hospital stay in 1998 and 2002. In 2002, working patients and those admitted to high-volume hospitals had a shorter hospital stay, but this association was not significant in 1998. However, these results still suggest that a reduction in hospital stay may depend on employment status and admission to high-volume hospitals, which may in turn be related to recent pressures in Japan to return to work earlier and to shorten the hospital stay in high-volume hospitals. However, this conclusion is not based on the results of a randomized controlled trial in Japanese patients, but on the empirical information suggesting that a shorter stay can minimize costs without compromising the outcome. To standardize medical care, randomized controlled studies are needed to examine the safety and feasibility of early discharge after AMI in Japan.
Study Limitations
The study population consisted of patients with AMI who were admitted to collaborating hospitals in the Osaka region, so it may not reflect the characteristics of the entire Japanese population. Because it has been reported that differences in the management of AMI exist in Japan, 11 the length of hospital stay may differ among regions. However, the subjects registered in the study can be considered representative of the AMI population in the Osaka area, because more than one-third of all AMI patients in Osaka were registered at the participating hospitals distributed throughout the region. 31 Therefore, our results may at least be generalized to the length of hospital stay after AMI and its predictors in the Osaka region.
Nearly 68% of the variation in hospital stay remains unexplained by our data. Because our study was limited by its observational design, we cannot rule out the possibility that the results were confounded by unmeasured variables. Addition of more detailed data on the socioeconomic status, social support, or discharge decisions might have provided important new variables. Further study is needed to examine whether these variables are associated with the length of hospital stay after AMI.
